Investigation of protein/carbohydrate interactions in the dried state. 2. Diffuse reflectance FTIR studies.
Upon freeze-drying in the absence of lyoprotectants, Fourier transform infrared (FTIR) spectroscopy has detected changes in the secondary structures of proteins. Such FTIR studies have been typically conducted using protein/KBr pellets, where additional protein degradation could potentially occur due to pressure effects and partial dissolution of the chaotropic KBr. Diffuse reflectance FTIR spectroscopy, in which no sample preparation is necessary, was evaluated as an alternative spectroscopic method to examine protein structure upon freeze-drying. The therapeutic proteins recombinant human deoxyribonuclease I (rh-DNase) and recombinant human insulin like growth factor I (rh-IGF-I) were freeze-dried with mannitol, sucrose, trehalose, and two molecular weight dextrans (69 and 503 kDa) separately, at concentrations ranging from 0 to 100% (w/w). Upon freeze-drying, rh-DNase and rh-IGF-I underwent significant changes in their secondary structure. For both proteins, the presence of intermolecular beta-sheets due to aggregation was detected and the alpha-helix content decreased significantly. The addition of carbohydrates to the formulations inhibited the protein secondary structure rearrangement in a concentration-dependent manner. Sucrose and trehalose appeared to be the most efficient excipients in preventing secondary structure changes. The conformational changes observed for both proteins appeared to be reversible upon rehydration.